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Appendix A

Contiguous damaged FSUs

The model published by Stavreva et al. [106] can only be used if the probability
of depleting a FSU is uniform over the irradiation field and zero otherwise. In
this thesis data are presented that were taken using non-uniform dose distribu-
tions and as a consequence the FSU depletion probability is not uniform as well.
In this chapter, a similar approach will be used as employed by Stavreva et al.
to derive a more general expression that can be used with the data presented in
this thesis. Only a new expression for the probability of damaging a fiber (Pfib)
is needed. The NTCP for different fiber configurations is calculated from Pfib.

A fiber is assumed to consist of n FSUs. The probability of depleting FSU
i is given by pi. For i < 1 and i > n, pi = 0. The probability of finding a series
of k consecutively depleted FSUs, starting at position l + 1 is given by:

pc,l = (1− pl) ·
l+k∏

i=l+1

pi (A.1)

The probability of finding the first series of k consecutively depleted FSUs at
location l can be summed for all values of l to yield the probability (pk (p1...n))
that a series occurs anywhere in the string. As long as l is smaller than k the
group found at position l is known to be the first one in the fiber. For l > k,
pc,l has to multiplied by the probability that no series occurred for lower values
of l, which is given by 1− pk (p1...l−1)

This then results in the following recursion relation:

pk (1 . . . n) =
n−k∑

l=0

[
(1− pl) ·

(
l+k∏

i=l+1

pi

)
· (1− pk (p1...l−1))

]
(A.2)

with pk (p1···n) = 0 for n < k.

129



Appendix B

Glossary of terms

α/β ratioThe ratio of the two parameters α and β in the LQ model; used to
quantify the sensitivity of normal tissue to fractionated irradiation.

BNC(T) Boron Neutron Capture (Therapy) employs a nuclear reaction in
which 10B captures a neutron and fissions into an α and a 7Li particle. The
secondary particles are responsible for the majority of the dose deposition
in the tissue.

CCD Charge-Coupled Device. Light sensitive element that registers and stores
the image in a CCD camera.

CE model Critical Element model.

CNS Central Nervous System. The part of the nervous system, consisting
of the brain and spinal cord.

CV model Critical Volume model.

Cytokine pharmacologically active proteins that are secreted by one cell for
the purpose of altering either its own functions (autocrine effect) or those
of adjacent cells (paracrine effect).

Deviance The deviance is a measure for the difference between a model
and the data. It is used in the calculation of the GoF. A lower deviance
indicates a better correspondence to the data.

Dmax Maximum absolute dose in a dose distribution.

DVH Dose Volume Histogram.

ED50 Effect-Dose-50%. The dose for which the probability of the occurrence
of a binary end-point is 50%.

erf Error Function. It is defined by: erf(x) = 2√
π

∫ x

0
e−t2 · dt
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ESB ElectroStatic Beamstop. See section 3.3 for a description.

FSU Functional SubUnit. For definition: see section 6.2.1.

FWHM Full Width Half Maximum: The width of a function at 50% of its
maximum.

GEANT GEometry ANd Tracking. A nuclear physics code library for par-
ticle tracking in complex structures.

GoF Goodness of fit. A number in the range of 0 to 100 that indicates the
ability of a model to describe data. The number gives the percentage of
alternative experiments that would have resulted in a worse fit, if the best
fit to the current data is assumed to represent the reality. (This is similar
to the χ2 test.) A GoF of 5% is assumed to be indicative of a discrepancy
between the model and the data.

Gy Gray. Unit of absorbed radiation dose. 1 Gy = 1 J/kg.

IC Information Criterion.

IMRT Intensity Modulated Radiotherapy.

LL The logarithm of the likelihood of the occurrence of the measured data,
given a model and its parameters.

LQ model Linear-Quadratic model. Cell-survival model in which the loga-
rithm of the surviving fraction is a linear-quadratic function of dose.

LSF Line Spread Function. The line spread function corresponds to the
response of a 2D measurement device when measuring across a line.

ML fit Maximum-likelihood fit. This fit assumes that the parameters that
maximize the probability that the measured data would occur, is the best
description of reality.

MRI Magnetic Resonance Imaging. 3D imaging technique based on magnetic
spin properties of the material under study.

NTCP Normal-Tissue Complication Probability. The probability of the oc-
currence of a binary end-point.

p+ The probability of uncomplicated tumor control.

PDF Probability Density Function.

RBE RadioBiological Effectiveness.

SPECT Single Photon Emission Computed Tomography. An imaging tech-
nique that generates a 3D computer-generated image of the distribution
of a radioactive tracer in a particular organ.

TCP Tumor Control Probability.




